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(57) ABSTRACT

An object is to provide a substrate conveyance apparatus and
a substrate detection device capable of improving flexibility
in arrangement layout.

The substrate detection device includes a projector 41 for
projecting inspection light 40 so as to pass through a prede-
termined position on a path of a substrate 4 conveyed by
conveyance belts 26, a light receiver 42 for receiving the
inspection light 40 projected by the projector 41, and a detec-
tor (a control device 15) for detecting that the substrate 4
reaches the predetermined position based on a decrease in the
amount of received light of the inspection light 40 received by
the light receiver 42 when the substrate 4 conveyed by the
conveyance belts 26 reaches the predetermined position and a
portion ofthe inspection light 40 is blocked by the substrate 4.
The inspection light 40 is projected from the projector 41 so
as to include opposite ends of a width direction of the con-
veyance belts 26 in an optical path of the inspection light in a
direction orthogonal to a conveyance direction of the sub-
strate 4 conveyed by the conveyance belts 26 and the light
receiver 42 receives the inspection light passing through
upper and lower regions of the conveyance belts 26 in the
width direction.

4 Claims, 6 Drawing Sheets
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1
SUBSTRATE DETECTION DEVICE AND
SUBSTRATE CONVEYANCE APPARATUS

TECHNICAL FIELD

The present invention relates to a substrate detection device
for detecting that a substrate conveyed by a substrate convey-
ance apparatus reaches a predetermined position, and the
substrate conveyance apparatus including this substrate
detection device.

BACKGROUND ART

In a substrate conveyance apparatus used in positioning
and conveyance of a substrate in a part mounting apparatus, a
screen printing apparatus, etc., both right and left ends of the
substrate are placed on upper surfaces of a pair of right and
left conveyance belts and the substrate is conveyed. In such a
substrate conveyance apparatus, a substrate detection device
for detecting that the conveyed substrate reaches a predeter-
mined position is disposed and when this substrate detection
device detects that the substrate reaches the predetermined
position, control of stopping or decreasing a conveyance
speed of the substrate is performed. The substrate detection
device includes a projector for projecting inspection light and
a light receiver for receiving the inspection light projected
from this projector, and detects that the substrate reaches the
predetermined position based on a decrease in the amount of
received light of the inspection light received by the light
receiver when the inspection light is blocked by the substrate
conveyed by the substrate conveyance apparatus.

Also, an apparatus constructed so that a substrate can be
detected by reflecting inspection light by an inner wall of a
hole even when the inspection light is projected in an oblique
direction rather than a vertical direction and the inspection
light enters the hole since the substrate cannot be detected in
a situation in which the inspection light just passes through a
hole (for example, a hole for recognizing a position of the
substrate or a screw hole for fixing the substrate) disposed in
the substrate in a position in which the substrate wants to be
detected has been known (Patent Reference 1).

Patent Reference 1: JP-A-6-211334

DISCLOSURE OF THE INVENTION
Problems that the Invention is to Solve

However, in the apparatus for projecting the inspection
light in the vertical direction of the substrate as described
above (also including the apparatus for projecting the inspec-
tion light in the oblique direction as described in Patent Ref-
erence 1), it was necessary to pass the inspection light
between the right and left conveyance belts and there was a
drawback of having low flexibility in arrangement layout of
the projector and the light receiver.

Therefore, an object of the invention is to provide a sub-
strate conveyance apparatus and a substrate detection device
capable of improving flexibility in arrangement layout.

Means for Solving the Problems

A substrate detection device according to a first aspect of
the invention includes a projector for projecting inspection
light so as to pass through a predetermined position on a path
of'a substrate conveyed by a conveyance belt, a light receiver
for receiving the inspection light projected by the projector,
and a detector for detecting that the substrate reaches the
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predetermined position based on a decrease in the amount of
received light of the inspection light received by the light
receiver when the substrate conveyed by the conveyance belt
reaches the predetermined position and a portion of the
inspection light is blocked by the substrate, and the inspection
light is projected from the projector so as to include opposite
ends of a width direction of the conveyance belt in an optical
path of the inspection light in a direction orthogonal to a
conveyance direction of the substrate conveyed by the con-
veyance belt and the light receiver receives the inspection
light passing through upper and lower regions of the convey-
ance belt.

A substrate conveyance apparatus according to a second
aspect of the invention is the substrate conveyance apparatus
for conveying a substrate by a conveyance belt, and includes
the two substrate detection devices of the first aspect
described above, and a projector and a light receiver had by
each of the substrate detection devices are disposed in line in
a conveyance direction of the substrate and a substrate con-
veyance controller for decreasing a conveyance speed of the
substrate when the substrate is detected by one substrate
detection device having the projector and the light receiver
disposed on the near side of the conveyance direction of the
substrate and stopping conveyance of the substrate when the
substrate is detected by the other substrate detection device is
included.

A substrate conveyance apparatus according to a third
aspect of the invention is the substrate conveyance apparatus
for conveying a substrate by a conveyance belt, and includes
the plural substrate detection devices of the first aspect
described above, and a projector and a light receiver had by
each of the substrate detection devices are disposed in line in
a conveyance direction of the substrate and a substrate posi-
tion detector for detecting a position of the substrate based on
information as to whether or not each of the substrate detec-
tion devices detects the substrate is included.

Advantage of the Invention

The substrate detection device of the invention is con-
structed so that the inspection light is projected from the
projector so as to include opposite ends of the width direction
of the conveyance belt in the optical path of the inspection
light (that is, so as to stride over the conveyance belt in the
thickness direction) in the direction orthogonal to the convey-
ance direction conveyed by the conveyance belt and the light
receiver receives the inspection light passing through the
upper and lower regions of the conveyance belt, so that there
is no restriction of having to pass the inspection light between
the right and left conveyance belts as described in the con-
ventional art, and flexibility in arrangement layout of the
projector and the light receiver can be improved. Also, the
inspection light is projected and received so as to include
opposite ends of the width direction of the conveyance belts in
the optical path, so that the substrate can be detected with high
accuracy even when the conveyance belts move vertically
(vibrate minutely) and also a thickness of the substrate is
extremely thin. Also, the substrate conveyance apparatus of
the invention includes the substrate detection device of the
invention described above, so that the decrease in the convey-
ance speed of the substrate, stop control or position detection
of the substrate can be performed with extremely high accu-
racy.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1isa perspective view of a part mounting apparatus in
one embodiment of the invention.
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FIG. 2 is aplanview of a substrate conveyance apparatus in
one embodiment of the invention.

FIG. 3 is a side view of the substrate conveyance apparatus
in one embodiment of the invention.

FIG. 4 is a sectional front view of the substrate conveyance
apparatus in one embodiment of the invention.

FIG. 5 is a partially exploded perspective view of the sub-
strate conveyance apparatus in one embodiment of the inven-
tion.

FIGS. 6(a), 6(b), 6(c) and 6(d) are diagrams showing a
positional relation between a substrate and optical sensors
included by a substrate detection device in one embodiment
of the invention.

DESCRIPTION OF REFERENCE NUMERALS
AND SIGNS

3 SUBSTRATE CONVEYANCE APPARATUS

4 SUBSTRATE

15 CONTROL DEVICE (DETECTOR, SUBSTRATE CON-
VEYANCE CONTROLLER, SUBSTRATE POSITION
DETECTOR)

21 SUBSTRATE DETECTION DEVICE

26 CONVEYANCE BELT

40 INSPECTION LIGHT

41 PROJECTOR

42 LIGHT RECEIVER

BEST MODE FOR CARRYING OUT THE
INVENTION

An embodiment of the invention will hereinafter be
described with reference to the drawings. FIG. 1 is a perspec-
tive view of a part mounting apparatus in one embodiment of
the invention, and FIG. 2 is a plan view of a substrate con-
veyance apparatus in one embodiment of the invention, and
FIG. 3 is a side view of the substrate conveyance apparatus in
one embodiment of the invention, and FIG. 4 is a sectional
front view of the substrate conveyance apparatus in one
embodiment of the invention, and FIG. 5 is a partially
exploded perspective view of the substrate conveyance appa-
ratus in one embodiment of the invention, and FIGS. 6(a),
6(b), 6(c) and 6(d) are diagrams showing a positional relation
between a substrate and optical sensors included by a sub-
strate detection device in one embodiment of the invention.

In FIG. 1, a part mounting apparatus 1 includes a substrate
conveyance apparatus 3 in one embodiment of the invention
on a base 2, and a substrate 4 is conveyed by this substrate
conveyance apparatus 3 in one direction (X-axis direction) of
the inside of a horizontal plane. The substrate conveyance
apparatus 3 extends on the base 2 in the X-axis direction, and
a Y-axis table 5 extending in a direction (Y-axis direction)
horizontally orthogonal to the X-axis direction is disposed
over the substrate conveyance apparatus 3. Two parallel slide
guides 6 extending in the Y-axis direction are disposed in a
side surface of the Y-axis table 5, and two Y-axis sliders 7 are
disposed movably along the slide guides 6 (that is, in the
Y-axis direction) in these two slide guides 6. One end of an
X-axis table 8 extending in the X-axis direction is attached to
each of the Y-axis sliders 7, and a movement stage 9 movable
along the X-axis table 8 (that is, in the X-axis direction) is
disposed in each of the X-axis tables 8.

A transfer head 10 is attached to each of the movement
stages 9, and plural suction nozzles 11 extending under a
vertical direction (Z-axis direction) are disposed in each of
the transfer heads 10. Plural part feeders 12 for feeding parts
to the transfer head 10 are disposed in line in the X-axis
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direction in a lateral region of the substrate conveyance appa-
ratus 3. A substrate camera 13 whose imaging area is down-
ward turned is disposed in the transfer head 10, and a part
camera 14 whose imaging area is upward turned is disposed
on the base 2.

The substrate conveyance apparatus 3 positions the sub-
strate 4 in a predetermined mounting work position after the
substrate 4 is conveyed in the X-axis direction. The move-
ment stages 9 move relatively to the substrate 4 positioned in
the mounting work position by movement in the Y-axis direc-
tion of the X-axis tables 8 and movement in the X-axis direc-
tion of the movement stages 9 themselves, and make the
substrate camera 13 located over the substrate 4 perform
image recognition (imaging) of a positioning mark (not
shown) of the substrate 4, and thereafter pick up a part fed by
the part feeders 12 by the suction nozzles 11 included by the
transfer heads 10. Then, the part sucked by the suction
nozzles 11 moves in the horizontal direction so as to pass
through the upper portion of the part camera 14 (the inside of
a visual field of the part camera 14) and the part camera 14 is
made to perform image recognition (imaging) of a lower
surface of the part and then, the part sucked by the suction
nozzles 11 is installed on the substrate 4 based on installation
position data given to its part. At this time, a position devia-
tion of the substrate 4 obtained by the image recognition of
the substrate camera 13 and a suction deviation of the part to
the suction nozzles 11 obtained by the image recognition of
the part camera 14 are corrected and the part is installed in a
proper position on the substrate 4.

Next, the substrate conveyance apparatus 3 included in this
part mounting apparatus 1 will be described. The substrate
conveyance apparatus 3 includes right and left conveyor basal
portions 22 (also see F1G. 1) extending in the X-axis direction
disposed on the base 2 and conveyor mechanisms attached to
these right and left conveyor basal portions 22 as shown in
FIGS. 2 and 3. The conveyor mechanisms include a backward
conveyor mechanism 23 located in the most upstream side
with reference to a conveyance direction of the substrate 4, a
center conveyor mechanism 24 located in the downstream
side of the backward conveyor mechanism 23, and a forward
conveyor mechanism 25 located in the downstream side of the
center conveyor mechanism 24.

In FIGS. 2 and 3, the three conveyor mechanisms (the
backward conveyor mechanism 23, the center conveyor
mechanism 24 and the forward conveyor mechanism 25)
respectively have right and left conveyance belts 26, and each
of the conveyance belts 26 is wound on plural pulleys 27
disposed in the right and left conveyor basal portions 22. A
rotational shaft of a conveyance driving motor 28 fixed in the
right and left conveyor basal portions 22 is coupled to one of
the plural pulleys 27 on which each ofthe conveyance belts 26
is wound, and these conveyance driving motors 28 are driven
from a control device 15 disposed inside the base 2 and
thereby, each of the conveyance belts 26 can be fed in a
direction of arrow A shown in FIGS. 2 and 3. When the right
and left ends of the substrate 4 are placed on upper surfaces of
a pair of the right and left conveyance belts 26 respectively
included by the backward conveyor mechanism 23, the center
conveyor mechanism 24 and the forward conveyor mecha-
nism 25 at this time, its substrate 4 is conveyed in the direction
of'arrow A by a feeding operation of the conveyance belts 26
and is received and passed in order of the backward conveyor
mechanism 23, the center conveyor mechanism 24 and the
forward conveyor mechanism 25 and moves on a conveyance
path of the substrate 4 from the back to the front.

In FIGS. 3 and 4, a substrate ascending and descending
mechanism 30 is disposed in the center of the center conveyor
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mechanism 24. This substrate ascending and descending
mechanism 30 includes an ascending and descending motor
31 actuated and controlled by the control device 15, an
ascending and descending block 32 ascended and descended
by this ascending and descending motor 31, and multiple pin
members 33 disposed upward extending from an upper sur-
face of the ascending and descending block 32, and when the
ascending and descending motor 31 is actuated from the
control device 15 in a state in which the substrate 4 conveyed
by the center conveyor mechanism 24 is stopped (positioned)
in the mounting work position of the upper portion of the
ascending and descending block 32 and the ascending and
descending block 32 is ascended and the substrate 4 is pushed
up from the lower portion by the multiple pin members 33, the
substrate 4 positioned in the mounting work position can be
lifted and supported in a state of floating the substrate 4
upward from the right and left conveyance belts 26 of the
center conveyor mechanism 24.

Next, a substrate detection device 21 included in this sub-
strate conveyance apparatus 3 will be described. In FIGS. 2
and 3, the substrate detection device 21 includes a projector
41 for projecting inspection light 40 so as to pass through a
predetermined position (this predetermined position is preset
as a position in which the substrate 4 wants to be detected) on
the path of the substrate 4 conveyed by a pair of the right and
left conveyance belts 26 included in the substrate conveyance
apparatus 3, a light receiver 42 for receiving the inspection
light 40 projected by this projector 41, and the control device
15 as a detector for detecting that the substrate 4 reaches the
predetermined position based on a decrease in the amount of
received light of the inspection light 40 received by the light
receiver 42 when the substrate 4 conveyed by the conveyance
belts 26 reaches the predetermined position and a portion of
the inspection light 40 is blocked by the substrate 4.

The projector 41 and the light receiver 42 are fixed to the
right and left conveyor basal portions 22 which are immov-
able portions of the substrate conveyance apparatus 3, and the
inspection light 40 is projected from the projector 41 so as to
include opposite ends of a width direction of the conveyance
belts 26 in an optical path of the inspection light 40 (so as to
stride over the conveyance belts 26 in the thickness direction)
in a direction (Y-axis direction) orthogonal to the conveyance
direction (X-axis direction) of the substrate 4 conveyed by a
pair of the right and left conveyance belts 26, and the light
receiver 42 receives the inspection light 40 passing through
upper and lower regions of the conveyance belts 26 in the
width direction (Y-axis direction). That is, in FIG. 4, it is
constructed so that the upper edge 40a of the inspection light
40 is located upward from upper surfaces 264 of the right and
left conveyance belts 26 and the lower edge 4056 of the inspec-
tion light 40 is located downward from lower surfaces 265 of
the right and left conveyance belts 26.

In FIG. 5, each of the right and left conveyor basal portions
22 is respectively made by joining a lower member 224 to an
upper member 225 in the vertical direction and in a state of
joining the lower member 22a to the upper member 225, a
lower side notch 444 formed in the lower member 224 with
the notch 44a opened upward is vertically combined with an
upper side notch 4456 formed in the upper member 225 with
the notch 445 opened downward and a passage 44 of the
inspection light 40 is formed (see FIG. 4). A sensor attach-
ment member 45 is attached to the lower member 224 joined
to the upper member 225 by attachment screws 46, and the
projector 41 or the light receiver 42 is fixed to this sensor
attachment member 45. A projection surface of the projector
41 and an acceptance surface of the light receiver 42 are
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exposed through the passage 44 formed in the conveyor basal
portions 22 and are opposed in the horizontal direction.

The inspection light 40 projected by the projector 41 is
received by the light receiver 42, and the inspection light 40 is
projected from the projector 41 so as to include opposite ends
of'the width direction of the conveyance belts 26 in the optical
path (so as to stride over the conveyance belts 26 in the
thickness direction) as described above, so that the convey-
ance belts 26 are present in the optical path of the inspection
light 40 and the amount of received light of the inspection
light 40 by the light receiver 42 becomes a value always lower
than that of the case where the conveyance belts 26 are not
present in the optical path of the inspection light 40. However,
when a portion of the inspection light 40 is blocked by only
the conveyance belts 26, the amount of the blocked light is
constant, so that the amount of received light of the inspection
light 40 received by the light receiver 42 is constant regardless
of'time as long as the substrate 4 conveyed by the conveyance
belts 26 enters the inside of the optical path of the inspection
light 40 and a portion of the inspection light 40 is not blocked.

When the substrate 4 conveyed by the conveyance belts 26
reaches the predetermined position described above and a
portion of the inspection light 40 is blocked herein, the
amount of received light of the inspection light 40 received by
the light receiver 42 decreases by the amount (the amount
blocked by the substrate 4), so that the amount of received
light of the inspection light 40 received by the light receiver
42 decreases and the control device 15 can detect that the
substrate 4 reaches the predetermined position based on that
decrease.

The substrate conveyance apparatus 3 includes such three
substrate detection devices 21 inside a conveyance region of
the substrate 4 by the center conveyor mechanism 24 and also
includes the control device 15 as a substrate conveyance
controller and a substrate position detector (the control device
15 as the detector is common) as shown in FIGS. 2 and 3. For
convenience sake in the following explanation, the projector
41 and the light receiver 42 are collectively called an optical
sensor and also the optical sensor located in the most
upstream side of the inside of the conveyance region of the
center conveyor mechanism 24 of the three optical sensors
disposed in line in the conveyance direction (X-axis direc-
tion) of the substrate 4 is called a first optical sensor 43a and
the optical sensor located in the downstream side of the first
optical sensor 43a is called a second optical sensor 435 and
the optical sensor located in the downstream side of the sec-
ond optical sensor 435 is called a third optical sensor 43¢
(FIGS. 6(a), 6(b), 6(c) and 6(d)).

The projector 41 of the first optical sensor 43a projects the
inspection light 40 so as to pass through a first predetermined
position on a path of the substrate 4, and the projector 41 of
the second optical sensor 435 projects the inspection light so
as to pass through a second predetermined position on the
path of the substrate 4, and the projector 41 of the third optical
sensor 43¢ projects the inspection light so as to pass through
a third predetermined position on the path of the substrate 4.
Here, the first predetermined position is set in a position to
start a decrease (slowdown) in conveyance speed of the sub-
strate 4 at the time when the substrate 4 conveyed by the
conveyance belts 26 reaches its position, and the second pre-
determined position is set in a position to stop conveyance of
the substrate 4 at the time when the substrate 4 conveyed by
the conveyance belts 26 reaches its position. Also, the third
predetermined position is set in a position which the top
(head) of the stopped substrate 4 must not be reached after the
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substrate 4 conveyed by the conveyance belts 26 reaches the
second predetermined position and conveyance of the sub-
strate 4 is stopped.

Here, the second predetermined position and the third pre-
determined position are set in the extremely close position, so
that the projector 41 constructing the second optical sensor
43b and the projector 41 constructing the third optical sensor
43¢, and the light receiver 42 constructing the second optical
sensor 435 and the light receiver 42 constructing the third
optical sensor 43¢ are respectively attached to the same sen-
sor attachment member 45 (FIG. 2).

In the substrate conveyance apparatus 3 including the three
substrate detection devices 21 thus, when the top (head) of the
substrate 4 conveyed by the center conveyor mechanism 24
approaches a position in which a portion of the inspection
light 40 projected by the projector 41 of the first optical sensor
43a is blocked (FIG. 6(a)—=FIG. 6(b)), the control device 15
as the detector detects that the substrate 4 reaches the first
predetermined position, that is, the position to start the
decrease (slowdown) in conveyance speed of the substrate 4
based on the decrease in the amount of received light of the
inspection light 40 received by the light receiver 42 of the first
optical sensor 43a, and the control device 15 as the substrate
conveyance controller performs actuation control of the con-
veyance driving motor 28 so as to decrease the conveyance
speed of the substrate 4.

After the decrease in conveyance speed of the substrate 4 is
started in this manner, when the top of the substrate 4 then
approaches a position in which a portion of the inspection
light 40 projected by the projector 41 of the second optical
sensor 435 is blocked (FIG. 6(b)—FIG. 6(c)), the control
device 15 as the detector detects that the substrate 4 reaches
the second predetermined position, that is, the position to stop
conveyance of the substrate 4 based on the decrease in the
amount of received light of the inspection light 40 received by
the light receiver 42 of the second optical sensor 435, and the
control device 15 as the substrate conveyance controller per-
forms actuation control of the conveyance driving motor 28
s0 as to stop the conveyance of the substrate 4. Consequently,
the substrate 4 conveyed by the center conveyor mechanism
24 is stopped in a position in which the second predetermined
position is passed in front slightly.

After the conveyance of the substrate 4 is stopped in this
manner, the control device 15 as the substrate position detec-
tor detects a position of the substrate 4 based on information
as to whether or not each of the second optical sensor 435 and
the third optical sensor 43¢ detects the substrate 4, and checks
that the substrate 4 is stopped in a proper position. Concretely,
the control device 15 reveals that the top of the substrate 4 is
located in the second predetermined position and the third
predetermined position when the second optical sensor 435
detects the substrate 4 and the third optical sensor 43¢ does
not detect the substrate 4, so that the control device 15 can
decide that the substrate 4 is stopped in the proper position
(FIG. 6(d)). On the other hand, when both of the second
optical sensor 435 and the third optical sensor 43¢ detect the
substrate 4, it is decided that the substrate 4 is not stopped in
the proper position, and predetermined measures to, for
example, correct a position of the substrate 4 are taken.

Thus, the substrate conveyance apparatus 3 in the embodi-
ment includes the substrate detection device 21 having the
first optical sensor 43a, the substrate detection device 21
having the second optical sensor 435, and the control device
15 as the substrate conveyance controller, and is constructed
so that a conveyance speed of the substrate 4 is decreased
when the substrate 4 is detected by one substrate detection
device 21 (the substrate detection device 21 having the first
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optical sensor 43a) including the optical sensors (the projec-
tor 41 and the light receiver 42) on the near side of the
conveyance direction of the substrate 4 and conveyance of the
substrate 4 is stopped when the substrate 4 is detected by the
other substrate detection device 21 (the substrate detection
device 21 having the second optical sensor 435).

Also, the substrate conveyance apparatus 3 in the embodi-
ment includes the substrate detection device 21 having the
second optical sensor 435, the substrate detection device 21
having the third optical sensor 43¢, and the control device 15
as the substrate position detector, and is constructed so that a
position of the substrate 4 is detected based on information as
to whether or not each of the substrate detection devices 21
detects the substrate 4.

As described above, the substrate detection device 21 inthe
embodiment includes the projector 41 for projecting the
inspection light 40 so as to pass through a predetermined
position on a path of the substrate 4 conveyed by the convey-
ancebelts 26, the light receiver 42 for receiving the inspection
light 40 projected by the projector 41, and the detector (the
control device 15) for detecting that the substrate 4 reaches
the predetermined position based on a decrease in the amount
of received light of the inspection light 40 received by the
light receiver 42 when the substrate 4 conveyed by the con-
veyance belts 26 reaches the predetermined position and a
portion ofthe inspection light 40 is blocked by the substrate 4.
Then, it is constructed so that the inspection light 40 is pro-
jected from the projector 41 so as to include opposite ends of
awidth direction of the conveyance belts 26 in an optical path
of the inspection light in a direction orthogonal to the con-
veyance direction conveyed by the conveyance belts 26 and
the light receiver 42 receives the inspection light 40 passing
through upper and lower regions of the conveyance belts 26 in
the width direction of the conveyance belts 26. As a result of
this, there is no restriction of having to pass the inspection
light 40 between the right and left conveyance belts 26 as
described in the conventional art, and flexibility in arrange-
ment layout of the projector 41 and the light receiver 42 can be
improved.

Also, the inspection light 40 is projected and received so as
to include opposite ends of the width direction of the convey-
ance belts 26, so that the substrate 4 can be detected with high
accuracy even when the conveyance belts 26 move vertically
(vibrate minutely) and also a thickness of the substrate 4 is
extremely thin.

Also, the substrate conveyance apparatus 3 in the embodi-
ment includes the substrate detection device 21 of the con-
figuration described above, so that the decrease in the con-
veyance speed of the substrate 4, stop control or position
detection of the substrate can be performed with extremely
high accuracy.

The embodiment of the invention has been described here-
tofore, but the invention is not limited to the embodiment
described above. For example, the embodiment described
above has been constructed so that the substrate detection
device 21 is disposed in only the one conveyance region (the
center conveyor mechanism 24) of the plural conveyor
mechanisms, but this is one example and it may be con-
structed so that the substrate detection device 21 is disposed
within the conveyance region of each of the conveyor mecha-
nisms when there are plural conveyor mechanisms.

In addition, the invention intends that persons skilled in the
art make various changes and applications based on the well-
known art and mention of the description without departing
from the spirit and scope of the invention, and the changes and
applications are included in the scope of protection.
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The present application is based on Japanese patent appli-
cation (patent application No. 2008-016114) filed on Jan. 28,
2008, and the contents of the patent application are hereby
incorporated by reference.

INDUSTRIAL APPLICABILITY

A substrate conveyance apparatus and a substrate detection
device capable of improving flexibility in arrangement layout
are provided.

The invention claimed is:

1. A substrate detection device including a projector for
projecting inspection light so as to pass through a predeter-
mined position on a path of a substrate conveyed by a con-
veyance belt, a light receiver for receiving the inspection light
projected by the projector, and a detector for detecting that the
substrate reaches the predetermined position based on a
decrease in amount of received light of the inspection light
received by the light receiver when the substrate conveyed by
the conveyance belt reaches the predetermined position and a
portion of the inspection light is blocked by the substrate,
characterized in that the inspection light is projected from the
projector so as to include opposite ends of a width direction of
the conveyance belt in an optical path of the inspection light
in a direction orthogonal to a conveyance direction of the
substrate conveyed by the conveyance belt and the light
receiver receives the inspection light passing through upper
and lower regions of the conveyance belt.

2. A substrate conveyance apparatus for conveying a sub-
strate by a conveyance belt, the apparatus including two sub-
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strate detection devices as claimed in claim 1, characterized
in that a projector and a light receiver had by each of the
substrate detection devices are disposed in line in a convey-
ance direction of the substrate and a substrate conveyance
controller for decreasing a conveyance speed of the substrate
when the substrate is detected by one substrate detection
device having the projector and the light receiver disposed on
the near side of the conveyance direction of the substrate and
stopping conveyance of the substrate when the substrate is
detected by the other substrate detection device is included.

3. A substrate conveyance apparatus for conveying a sub-
strate by a conveyance belt, the apparatus including plural
substrate detection devices as claimed in claim 1, character-
ized in that a projector and a light receiver had by each of the
substrate detection devices are disposed in line in a convey-
ance direction of the substrate and a substrate position detec-
tor for detecting a position of the substrate based on informa-
tion as to whether or not each of the substrate detection
devices detects the substrate is included.

4. A substrate conveyance apparatus for conveying a sub-
strate by a conveyance belt, the apparatus including two sub-
strate detection devices as claimed in claim 1, characterized
in that an upper edge of the inspection light is located above
an upper surface of the conveyance belt and a lower edge of
the inspection light is located below a lower surface of the
conveyance belt.



